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point and has an extra foot in front of the initial point which
is graduated in tenths outward from this point to ten tenths
or one foot. This is very convenient in setting off the frac
tional parts of a foot.
In land surveying w e prefer a tape graduated in links,
each of which is 7.92 inches or .66 foot long. The chain, as

you know, has 100 links, and is 66 feet long. With many,
this type of chain is a back number. Yet I prefer its use to
the 100 foot tape in land surveys as this is the way I have been
schooled and as the calculations are much more simplified. For
example, we have a tract of land 20 chains square to find
the number of acres. All we need to do with the Gunter’s
Chain is to multiply 20 by 20, which gives a result of 400
square chains, or moving the decimal point one place to the
left we have 40 acres in the tract. By the use of the 100-foot
tape you would have 1,320 to be multiplied by 1,320 and the
product to be divided by 43,560 square feet in an acre. Also
where we have tracts with many sides requiring the method
of finding areas by latitude and departure using traverse tables
given in chains, the calculations are much simplified by the use
of the Gunter’s chain.
HIGHWAYS IN TERMS OF TRANSPORTATION

By J. G. McKay,
Chief, Division of Highway Transport and Economics, U. S.
Bureau of Public Roads, Washington, D. C.
The past 20 years have seen the reemergence of highway
transportation from a position of comparative unimportance
to a place of first rank in our national scheme of transporta
tion. The registration of approximately 23,500,000 motor
vehicles in 1927 compared with approximately 5,000,000 in
1917 is a remarkable illustration of the rapid growth in motor
vehicle ownership and the need for improved systems of roads
to furnish economical highway transportation of people and
goods.
In Ohio, the state highway system, 13.0 per cent of the
total rural mileage, provided highway service for a traffic of
2,160,435,000 vehicle miles, equal to 57.7 per cent of the total
traffic on rural roads in the state in 1925; the county high
ways, which include 27.1 per cent of the rural mileage, pro
vided service for 1,108,870,000 vehicle miles, 29.6 per cent of
the total traffic; and the township highways, which constitute
59.9 per cent of rural mileage provided only 12.7 per cent
of total rural traffic. The daily traffic on the state system
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in Ohio averages over nine times that upon the county and
township roads. The same relationship exists in Pennsyl
vania, and other states where traffic and highway planning
surveys have been conducted.
Of the 11,000 miles of Ohio state highways 1.2 per cent
carried 2,500 or more motor vehicles per day, 7.8 per cent
carried 1,500 or more, 29.4 per cent carried 600 or more and
70.6 per cent carried less than 600 vehicles per day in 1925
Based on the forecast of traffic for 1935, approximately half
the system will carry 600 or more vehicles per day.
In Ohio during 1925, the average daily density per mile
on the state system was 538 vehicles, 132 on county highways
and 26 on township roads.
Motor Tru ck Traffic

Motor truck traffic is an important part of total traffic on
state highway systems. In Ohio in 1925, 13.1 per cent, 1,442
miles of state roads carried 100 or more trucks per day and
27.5 per cent, 3,019 miles carried 60 or more per day. Based
on the forecast of truck traffic it is expected that by 1935
over 1,300 miles of Ohio state highways will carry 200 or more
trucks per day.
It is clearly shown that the principal routes of a state
system comprising what are known as the federal aid and
main market or primary systems, are, with few exceptions,
the most important traffic routes of a state. These facts show
the necessity of alloting a sufficient portion of total highway
revenues to complete first the improvement of the primary
highways of a state.
Large capacity motor trucks and heavy loads comprise a
comparatively small part of total truck traffic on the state
highways of all the states. In Ohio nine-tenths of the trucks
operating on the state system are small units, 2 1/2 tons ca
pacity or less. The 20,000 pound gross load limit in Ohio is
partly responsible for this situation. In Pennsylvannia, how
ever, during 1924 only 90 miles, 2.3 per cent of the primary
highway system, carried 20 or more loaded 5-7 1/2 ton trucks
per day and this mileage is in the immediate vicinity of
Philadelphia, and Pittsburgh. Only 358 miles, less than 10
per cent of the primary mileage, carried 10 or more loaded
5-7 1/2 ton trucks per day. This mileage is adjacent to the
important industrial cities of the state.
The federal aid systems of the several states carry the
largest part of the total traffic using the state highway sys
tems. In Ohio, in 1925, the federal aid systems, slightly more
than half the state mileage, carried 70.6 per cent of the daily
traffic on the state system. In New Hampshire in 1926 the
federal aid system, 68 per cent of the trunk-line mileage,
carried 80.8 per cent of the total trunk-line traffic. In Ver
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mont during 1926, the federal aid system carried approxi
mately half the traffic on all rural roads.
Origin of Traffic

Foreign traffic comprises but a small part of total traffic

except on a few main through-traffic routes. In Ohio during
1925, 10.2 per cent of the daily passenger car miles on state
routes were produced by foreign traffic, although on one of

the principal interstate routes, U. S. 40, 23.6 per cent of the
passenger car traffic was of foreign registration. Approxi
mately the same proportions are true for states similar in
traffic to Ohio. In states like Vermont and New Hampshire
a large part of the traffic on state highways is of foreign
registration. In Vermont 35.6 per cent and in New Hamp
shire approximately half the traffic was of foreign registration.
In states where a considerable part of the traffic is of
foreign registration, the cost of constructing and maintain
ing the highways is materially increased by this class of traffic,
and it should, therefore, produce at least a part of this ad
ditional cost of highway improvement.
The several surveys completed by the Bureau of Public
Roads clearly show that the traffic using our state highway
systems is predominantly city owned passenger car and motor
truck traffic, farm owned motor vehicles comprising only a
small part of total traffic. In Ohio in 1925 farm owned pas
senger cars and motor trucks made up only 12.4 and 15.5
per cent respectively of the total traffic.
In Vermont during 1926 farm owned passenger cars com
prised one-tenth and city owned passenger care nine-tenths
of the total passenger car traffic on the state aid system.
The distribution of population, and consequently of motor
vehicle ownership, is an important factor in planning high
way improvements. The volume of traffic in any given area
is principally produced by the population residing within a
radius of thirty miles, since less than 30 per cent of the truck
traffic and 40 per cent of the passenger car traffic travels more
than thirty miles per trip. In Ohio, for example, 80 per cent
of the area of the state has a population of less than 80 per
sons per square mile and less than approximately 18 motor
vehicles per square mile, while 9.4 per cent of the area of the
state has a population of 160 or more persons per square mile
and this area includes approximately 70.0 per cent of the
state’s population and motor vehicles.
These variations in Ohio, and similarly in other states, in
dicate marked differences in the requirements for highway
improvements in the several areas of a state. In the densely
populated areas the highway system should be planned to
serve large volumes of traffic between the principal centers
of population, with tributary feeder routes connecting minor
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population centers with the primary traffic ro u tes. These
routes should be of sufficient width and improved with sur
faces adequate to carry the large daily volume of traffic
directly as possible. Obstructions to the free movement of
traffic, such as railway crossings at grade, sharp curves, heavy
grades and congested traffic sections should be eliminated and
by-pass routes should be constructed to avoid the congestion
which occurs when a main route passes through the business
center of small villages and cities.
In the sparsely settled areas of a state the volume of traffic
is smaller and its sources more scattered. A connected system
of main routes comprising a smaller mileage, improved with
gravel or the lower types of paved surfaces where traffic
warrants such improvements, should satisfactorily meet traffic
requirements in these areas, except on the main through
routes traversing them. The removal of obstacles to the easy
movement of traffic is not an important problem in areas of
low population and traffic, particularly when the expectancy
of future traffic increase is small.
Scientific Planning and Improvement

The development of highways in the United States from
an administrative standpoint can be grouped in three stages.
First, the early period of local control, with its inevitable evils
of waste, inefficiency and the failure to develop connected
systems of improved highways. Second, the period of state
control, characterized by efficient engineering standards and
methods of improvement and resulting in the emergence of
connected systems of improved state and national highways
over which move an enormous daily volume of people and
commodities. I believe we have already entered the third
stage in the development of our highway systems where lie
the most difficult problems that will require solution in the
near future, that is the scientific planning and improvement of
state and county highways in the areas about congested
centers of population and traffic.
The territory surrounding cities like New York, Chicago,
Philadelphia, Cleveland, Cincinnati and Indianapolis present
complicated problems of highway location and improvement;
width; grade separations, both rail and highway; double deck
roadways; parking areas; reservation of adequate right of
way for future highway use; structures and traffic control
problems that challenge the modern highway engineer. I
wonder if we are adequately preparing for the future in areas
of this kind. Adequate highway development in such areas
demands cooperative planning by state highway engineers,
county highway engineers and frequently by municipal high
way administrators.
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I believe that a careful analysis of traffic demands and a
scientific plan of improvement for the highway system is
imperative for state highway systems, and for the combined
state and county highway systems in the areas surround
ing congested centers of population and traffic. Such plans
should be prepared for at least five to ten years in the future
and the establishment of a yearly budget of expenditures based
on required improvements should be an integral part of this
plan. The preparation of such plans is the function of the
state highway engineers for the state highway system and the
cooperative function of the state and county highway admin
istrators in metropolitan areas.
There is no fundamental difference in principle between the
public business of developing systems of highways, and pri
vate enterprises engaged in producing commodities. For
example, light and power, gas and telephone utilities and other
industries are all engaged in the production of commodities
or services for public use. The history of their modern de
velopment is based upon a careful analysis of the demand for
their product by present and expected future consumers in
any given area.
The same basic economic and engineering principles of
management that exert such a controlling influence in the
field of private business should govern the public business
of highway improvement. Our highways, to insure their
proper development, should be improved in accordance with
economic and engineering facts and should not be influenced
by political considerations.
The first basic principle of highway management is that
the various sections of state and county highway systems
selected for improvement and the class of improvement chosen
for each section should be based upon present and expected
future traffic demands, modified by the various physical and
economic characteristics which affect the choice of specific
construction types to be built on the various parts of our high
way systems.
The second basic principle is the familiar one of the budget,
upon which all financially sound industries operate. Applied
to the highway business it involves: (1) the determination of
the yearly amount of funds necessary for the five or ten year
improvement plan; (2 ) the apportionment of the cost among
those who benefit from the improvements; (3) provision
through legislation for raising the required revenue to stab
ilize highway income over the period of the improvement plan.
This management must insure the expenditure of the money
in accordance with a predetermined plan of improvement in
which each route and section of a route is to be improved
to the degree required by traffic and to no greater or less
degree.
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A plan of state highway improvement may materially alter
the economic and social development of a people as a whole
or any section thereof. The location and improvement or lack
of improvement of a given route is of vital importance not
only to the traffic of the immediate locality but also to the
traffic of larger areas. The planning and construction of a
connected system of state and county highways deal in fact
with the destiny of localities and states, their agriculture
their industries, the growth of suburban areas adjacent to
centers of population and the economic and social activities
of a people. This is a tremendous social responsibility rest
ing upon our state and county highway engineers.
The major problem involved is not one of the particular
type of improvement or materials to be used in the construc
tion of a highway, but rather whether to build or not, and
how much highway service can be economically justified in
a given area. Upon the proper solution of these problems
depends the well-being and progress of a people. Consider
ing the improvement of highways from this point of view,
there can be no question concerning the necessity of develop
ing scientific plans for highway improvement over a period
of years in the several states and counties, and of providing
the necessary funds to carry out economically the proposed
plan of improvement.
Outline of Procedure

What is the procedure and what are the basic facts neces
sary to lay out a scientific plan of state or county highway
improvements ?
1. The first step is the measurement of the present and
the prediction of the future volume and character of traffic
on state and county highway systems. The principal traffic
factors involved in determining the relative traffic importance
of the various parts of a highway system are average daily
and maximum total traffic, average daily and maximum total
truck traffic and the number of daily loaded large, 5-714
ton capacities, medium, 3-4 ton capacities and light, 1/2-21/2
ton capacities using and expected to use each section of high
way. Population density and distribution is of material as
sistance in preparing this analysis. This material is best sum
marized as a traffic classification of each section of state and
county highways, showing those sections now carrying or
expected to carry 1,500 or more daily vehicles during a 5 or
10 year period; those sections carrying or expected to carry
between 500 and 1,500, and those sections carrying or expected
to carry 500 or fewer vehicles per day. Approximately these
three classifications of traffic sections of a highway system
determine the general classes of improvement necessary on
each section of the system, gravel or similar improvements

FOURTEEN ANNUAL ROAD SCHOOL

123

for the 500 or fewer class; paved surfaces of the lower type
for the 500 to 1,500 class, and the superior types of paved
surfaces for the class of 1,500 or more vehicles.
2. The second stage of highway planning analysis is the
determination of new highway locations or connections, re
location of present highways, and the elimination of the
obstacles to the free movement to traffic based on the traffic
classification data prepared as the first step in developing the
plan of improvement.
3. The third stage of a scientific analysis of a highway
system is the evaluation of the present highway improve
ments on the system to determine in the light of traffic data
and the physical problems involved in improving the various
sections of a system, whether the present surface is adequate
for 5 or 10 years, has a salvage value for base material or
is of no value as a part of the plan of improvement to be
developed. The district superintendents and division engi
neers should first log each section of highway in their respec
tive jurisdictions as to type, surface width, and highway right
of way width. Then the present surfaces on each section of
a route should be classified, based on the traffic classification
for each section as follows: first class, adequate for 10 years;
second class, adequate for 5 years and indicating reconstruc
tion during the succeeding 5 year period; third class having
salvage value as base material and requiring reconstruction;
fourth class, having no salvage value and requiring new con
struction. This data should be carefully prepared since it
forms the basis for the reconstruction program.
4. The fourth step is the determination of surface width
for each section of highway based on traffic density and time
rate analysis. It is obvious that sections of the state and
county systems having less than a modern 2-lane surface
should be included as a part of the plan of widening such
surfaces. Those sections of the system carrying large daily
volumes of traffic should be planned for additional width as
a part of the widening program. It is doubtful if any con
siderable mileage of state or county highways will require
more than 2-lane surfaces and it is also doubtful if any such
highways should be planned for more than four lanes of
traffic.
5. The next step is the determination of the new construc
tion necessary, based on the traffic classification.
6. The next stage is the analysis of present structures and
the planning of new bridge and grade separation requirements
during each of the 5-year periods.
7. The next step is the summary of the plan of highway
improvement including new construction, reconstruction,
widening, and structures.
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8. The final stage is the establishment of the budget re
quirements for the 10-year period based upon careful estimates
of construction costs for each part of the improvement plan
and the determination of the yearly construction, maintenance
and administrative funds necessary to carry out a scientific,
and orderly plan of improvement based upon facts.
When the above plan is completed it is essential that the
public be made familiar with all the essential facts involved
in the plan of improving their system of transportation. I
am confident that when you have completed a thorough eco
nomic and engineering analysis of your system of highways,
prepared your plan and budget based on facts and acquainted
your public with the facts, that sufficient revenue will be made
available to carry out successfully the plan of improvement.

